This study performed a flood risk assessment using one of the multi criteria decision-making methods to identify the small stream basins with high risk of flooding and to determine the optimal small stream restoration measures by priority ranking for flood risk. The 12 representative factors for the flood risk assessment were carefully selected and constructed for the three main aspects, such as pressure factors, state factors and response factors including the government capacities under the pressure-state-response classification system for identifying the 212 small stream watersheds.
used an analytic hierarchy process method to define the ripple effects of drought on the water demand and supply and also presented analytic hierarchy process based on optimal water allocation method for reducing drought damage (Ridgley ). Bruen () validates both methods of analytic hierarchy process and multi-attribute utility theory to develop the watershed management decision support system and Jandric & Srdjevic () used an analytic 
FEATURES AND CURRENT ISSUES ON THE SSWRPS
In Korea, the main goal of the SSWRPs is to recover stream channels to its natural states by means of sustaining hydrau- (ii) the frequency of the flood-related damage; (iii) causes of damage; and (iv) the benefit to set the priority of the river restoration project on improving the flood prone area. MLTM () also developed additional guidelines in selected criteria such as regional characteristics, frequency of past flooding, flood risk analysis and economic dimensions (benefit-cost ratio). The evaluation criterion shown in Table 3 was used to determine the priorities of the river restoration projects according to the river master plans.
To solve the multi criteria problem on the SSWRPs priority setting based on flood risk assessment, the 12 representative factors were carefully selected and con- This study used rating the relative priority of the criteria divided by five scale sections from 1 (equal importance) to 5
(extreme importance) to determine the priority ranking of the flood risk assessment for the SSWRPs. Each scale section was divided due to the normal distribution of each criteria for all the attributes of each alternate shown in Table 5 . The weight was determined by an entropy weight coefficient method followed by the procedure presented in Figure 1 to determine the unbiased weight of the criteria.
The entropy weight coefficient method, in which weights are determined by attributes information only to avoid distorted assessment by subjective opinion of decisionmakers, can be used for multi-criteria decision-making cases including various attributes and many alternates. If the SSWRP was planned for buying farmland to use for the floodplain, connected to the national river, and is established for the flood risk reduction plan and, flood damage recovery, a high priority will be given.
The objective of the multi criteria decision is as follows:
where A is a finite set of n alternates and f 1 to f k are k criteria, f j (a) is the evaluation of alternate a on criterion f j . In order to achieve this objective, it is essential to have some information about the preferences and the priorities of the decision-maker. The two different MCDA approaches of the weighted method and the PROMETHEE approach are applied to demonstrate the potential advantages and pitfalls of using the different MCDA modelling approaches. A very common way to solve multi-criteria decision-making is to compute a weighted sum of the evaluations as V(a) ¼ P k j¼1 w j f j (a) where w j > 0 is the weight allocated to criterion f j , V(a) is the resulting score of alternate a. This weighted method has several limits for the following reasons: (i) bad evaluation on one criterion can always be compensated by better values on other criteria; (ii) the weights of the criteria are linked to the scales of For pairwise comparison of more than two criteria with a given weight, preference indices are as follows: As each alternate a is facing n À 1 alternates in A, the positive outranking flow, φ þ and the negative outranking flow, φ À , can be calculated by using the following equations
The positive outranking flow expresses how an alternate is outranking the others. The PROMETHEE I use partial ranking (P I , I I , R I ) obtained from the positive and the negative outranking flows. P I , I I , R I are variables for preference, indifference and incomparability, respectively
For complete ranking, the PROMETHEE II uses the φ(a) > 0 indicates that a is outranking all the alternates on all the criteria, however, if φ(a) < 0, others are more outranking than a. The complete ranking is easy to use, but the analysis of the incomparability often helps to finalize a proper decision. As the net flow φ(Á) provides a complete ranking, it may be compared with a utility function. One advantage of φ(Á) is that it is built on clear and simple preference information and that it relies on comparative statements rather than absolute ones.
RESULTS
Official priority ranking predicted by the value measurement model
The priority of alternatives for selecting optimum SSWRPs was determined by a weighted method in which the pri- Table 7 . To define the main criteria affecting the priority setting of the SSWRPs, correlation coefficients of each criteria to the net outranking flow values were calculated and listed in Table 8 . The results show that the number of poor facilities (C1), type of damage (C4) and establishment of master plan (C12) were significantly correlated with the priority setting in the upper and middle rank groups. In the lower group, the number of disasters during the past five years (C2), total damage during the past five years (C3), watershed area (C4) and restoration ratio (C8) were correlated with priority setting of SSWRPs.
Priority ranking predicted by the outranking approach
This study used PROMETHEE to evaluate the given criteria in the process of determining the investment priorities, the positive outranking flow, φ þ , the negative outranking flow, φ À and the net outranking flow as φ were calculated. The PROMETHEE uses preference indices for pairwise comparison of more than two criteria with given weight. Preference indices determined by
Equations (2) and (3) show that A02 have the highest priority which mean that this stream is urgently needed for small stream watershed restoration followed by A11, A22 and A68, while A59 was the lowest priority as shown in Figure 4 . Evaluations of multi criteria decision approaches on the
SSWRPs
To evaluate the difference between the official and the predicted values of the flood risk assessment priority ranking more quantitatively, the discrepancy ratio defined by
Cheong & Seo () was used as a measure of error
in which Dr is the discrepancy ratio, R P is the predicted value and R O is the official value. If the discrepancy ratio is 0, the predicted value is identical to the official values. If the discrepancy ratio is larger than 0, the predicted value is overestimated and if the discrepancy ratio is smaller than 0, the predicted value is underestimated Accuracy is defined as the proportion of numbers for which the discrepancy ratio is between À 0.05 and 0.05
for the total number of data. 
